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(54) TiUe: LIPOSOMAL ENCAPSULATED NUCLEIC ACID-COMPLEXES 



(57) Abstract 



This invention relates to liposomes which are useful for the Introduction of nucleic acids into cells. The liposomes of the present 
invention entrap a condensing agent-nucleic acid complex and are suitable for nucleic acid-transfer delivery vehicles in clinical use. In 
addition, methods of transfccting a cell with a nucleic acid using the liposomes of the present invention arc also disclosed. 
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) ; BR 1 J 3 5; y^:t^->-B I GCHAP ; Kx->;l/>}^U (X^U>t5fU 
n— X— ; Twe e n 20;Tween 40; Twee n 60; 
Tween 80;Tween 85;Triton X-405; 

[0 0 5 9] 

^m^i^m t (Dm^^t:>i^x-mm x*^^ ^mmm tLxi^t. ^y^^mi^f ^ 

;0^-^ne>Jc^^$n7icii : ^nD3^;PA, i^^aa:<^>. v?x^;l/X— 

£^i57D^4^it>, ->t:7D^>:$^>. ^>-ti>, hJlX.>. 7th>. ^>z^jiy 

co^it^s^-r^c fifoT. ^mm^mtthizmi^^ti^ff-^Li^^m^mt 

[0 0 6 0] 
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[0 06 1 1 

:k\^^x. ^<osass»J-SK1S^*€r^tyigffitK*Ti?7Kfp-rs- c:<^)U:j^y-A 

[0 0 6 2] 

$ ^ \zm(onmmmz^\^^x. istex a# v-i^ a >:&ffi^«E^ lt c coit^ 
Tzmmj^^iz^rmm-^n^o mi^m-^mm^i^^^ tkics^u. -A^^xmn 
mmf)^ji/'<:^^\y-i^3>\z^-Dxmi:^rirz.'ik^ tcom^^wi'ihi.x. :^y-tr 

;wb ^ txfz u # V - A ^t#-5 • 
[0 06 3] 

u^'^i^\zm<Dmmmm\z^\^^x. :si^j-)v^Ki5mti^. ^c^>ffi^{*<o;^y 
-So ^)^^'j''h.ffim.<\zm&^n. ^\^x^(d:l^ j-)v^m^w^^\^x. 

[0 0 6 4] 

*^B>g(0»J#y-A<7)1i-'f XJl. ^2 0 nm-*^2 0 0 nmc^BST^^o cfc 
OJf^b<Ji> *^?^OU#V-AJi. *«J5 0nm-*?Jl 5 0 nmODilgTfe^ 
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[0 0 6 5) 

^i5<tl//iNfiatSIStC43liTN icomp Submicron ParticI 
e S i z e r (Mod el 3 7 0) ^mi^tzmW^^Wi^lZJi'DTmi^^ti 

[0 0 6 6] 

tfniifU-><DM'&i^^:frLT^«l.^^o Tri ton X-100 Cltllt 
%ti':f±:Mt= ( 1 -Mu«ap /Mtot ) X 1 0 0 

;^7y-t;Wk5a^Ji. 1^6 ^#BguTSt>^»{cKHJ$n^. 0 6lc^^n-5J: 

^\z. \zz3^*^j->^tiy^'\iMt^nx\^^ui^m'^mzmi}U'r^m^. Wimt/^ 
y^^''y'y>}^i^zh^o 7=^4^7. h ^ >6feg^}6^ tf'y±Mt^nxi^tji\.^m'^mz 

miU^tl^m-^. mmt3. OlCltASo Triton X- 1 0 O^r^ilDLT 

x\^^u\^^m'^i^^±xm^'r^rzib\z. ti^^>^mtf^2:.^mmLn^. 

[0 0 6 7] 

7 0%T&0, ■^LTSfeS?SL<ii%*y-fe;i/fk«, $55 0%-*?j7 0%T& 
[0 0 6 8] 
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mm^f)m7r:^rix\r^^. ^^(ommmm\z:i6i^x. u#y-A*©*58-9m 

o \ %(DDO PS (Ommi)^. ^(OS'&ft^ (CCOS-SPE 1 /DNA) <7>St)^l^ 
[0 0 6 91 

(E. u#v-Atsffi$nfcis^{^(os#) 

^LT-mm^^^t^m^ t> l < ^iM^i^-r ^^-^ see c ^ (om^iz^^^ 

[0 0 7 0] 
(0 07 1 ) 
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[0 0 7 2] 

md^^m-t^t. Co s - 7mmf)^> l : 4(7)w/wit^TPE I <i:S^(* 
it^tltzl u g(DtiyilMt'^tirzp I NEX/LO 1 8^^;^^ HDNATh 

[0 0 7 3] 

(F. m^^mmm 

^^^coU^f^y-A-ag^fc: (entrapped) ^SS3¥J (c ond e s in 

g agent) -mmm^^mt. mnx-^rz\t^m^mz^^pjmf^^^ u y 
miz^^^ TS^ $ n^±m^^u±m^m:i^ ^ tz u >Kigs&f0!;;?^^ e n ^ t!?^ 

[0 0 7 4] 

. m'^(o^m^m7i<i^^. m^mzSi^-oimt^^^oytLxmrn^n^. m<Dm 
wu^^r'j7\z\t. m7.ii. 7K> mmyf^. o. 4%±gi:^j^7K. o. sx^vi^ 
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mm^^zfmmms mmmmmu^<D^oum^m\z^^'o]mumm^^n m 
Atf. g*s±h'jC7A. mt^h'jojx. mttjooi^. mt 

10 0 7 5] 

^ 1 O'-s omfi%^T) ^{t:b^§, ^bx, mii^ti^&^(D^^<Dmmizm 

4*^4o.l:t;^^ef5cDfiJ8frJC^?¥T^7&^. #m 1 k g ^/c: 0^ 0 . 0 1 

mgi:*5 5 Omg<hora. »^L<H, fl^S 1 k g ^/l: 0^ 0 . I<h*!j5mg<i: 

to 0 7 6] 
[0 0 7 7 ] 

ca>=^^'yh«. :«MWtc. zcD^y h(Dm^(omm^isiii^'r^rzibiz^mit^ri 
^^m^^m^si^ti^o z.<D^>yh^t. t^-^ftisbommmt^iz. :^^m(oo^ 
y-A$:^ty. u^t^mcommmmiz^^^^x. u#y-A®gftsagsj-<sKa^ 

^Ic^'J^y-A'xife^^nfc^W^kaS^^ (targeting moie 

ty) ^^r-r^o gw{bg6» mxii. tfo^. m^m) ^mm m^^i. 

{C43liTffiffl$n^t>a» -sie^^-y-^^&ffiJi, ^^^tCiiflJTfe-S, 
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[0 0 7 8) 
[0 0 7 9] 

7r:m&^(D^(orzisb\zmm^ti. ^i.x:^mm^\^^^^u^m^\zhm^'r^^t^ 

[0 0 8 0] 

(G. mi&m) 
( I . mw) 

LOIS (5 650b p) -V^O. Ctiit. h h1t-f h^:^*D'^-r;l/XfiP^|[Jfli 

KDNA^Sr. E. col i. DH 5 a^^^T Jl:^^jmm> m^^xmit-iL 
S^r>A^g2±0-aA->HJ|^^fCJ:oTf)^SSb^c:. m^lft. Th i e r ry 
A. R. . J. Liposome Research 7:143-159 (1 

9 9 7) i^mmm^. ^^^i^xmrn^n^) ^mm(D:ito ) pei 25 

kDa$r>Aldrich Chemical Co. (Milwaukee, 
Wl ) f)^iE>mAi.rz. Ji^i^Olx:/u^ Ftrni^U-> (p i c o g r e e n) 
<&Sigma Chemical Co. (St, Louis, MO) t^f^^^tz 

0 ^^5j^:$';l/;i/i>'7x ■7— if <£r> Boehringen Mannheim (G 
ermany) ^^^IgAL/i, PEG--fe^^H (aF*9TfPS?) < ±T<3[>J!i 

A V a n t i L i p i d^-^^m^o ffO'Xtim^. I n t e r g e n ( 
New York, USA) ^^ibmXLfZo ^TO^Slgftfe^, S t emc e 1 

1 Technology (Vancouver, BC) f)'^^f^XLtZo 
^Z^n^m(D^m^. Sigma Chemical Co. -^-LT^ 

^r^^mmuLizmmLrz. 

[0 0 8 1 ] 
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(II. 

(a, PE I /y^7.a HDNAlS'&(*:a)iii8<0;rc«?)<D::^ft) 
1. ) PE 1 j^f^ (1. 6mgPE I/mL*) : 0. l^fiCDPE I SfK€: 

VUf)^^. :/^>^^ KDNASfi^ (Imgy^X^ FDNA/1. 2 SmLzK) 

-^mTLxmpirzo 2. ) -a^^^-v. jLmwz^^^rn^mi.rzf'isbmmhrzPEi 

)V^yC^y^\.f^t^^. PEI^l^ (5 0 OmL(D7K^1&»^Lfc3 9 0 gCDT. 
iS^PEl) ^mTX^xm^tz. PE 1 /y^xa KDNAli^<*:^J^fig;b;^Co C 
COPE I /DN1g'&*<Dfit>nfcS®«?S«. lE^OIEm^T^^c 3. ) PE 
I /y^Xa KDNAlS^fls:^. S«fA-y^ (6000-8000 iJ-^ 

fi;^ .yh^"7. Spectra-Por. Spectrum) ^^b. ^LT$£ 

t^SJ (^ux^^ixv^uii-;^ c^^ftio, 0 0 0) ) xm-otz. 4. ) ;!:cd 

SiaSLfcPE I /y^X^ KDNAffi'&tt:^, HBS (ISOmM Na 

CI, 5mM'-25mM HEPES) . pH7. 4 5 JC** LTSlft NaC 
1 fflS^ 1 5 OniM^i§SL;^Co 
[0 0 8 2] 

(i i. HDNA^ftOD^c:i6CO:^^£) 
±^(7)PE I /y^y^^ HDNA?g^«s$, 7k'*><7>#'JT::i:^>3j?U-7- m 
XMmik^'^T.hvy) Tjai3SL (^/'?U>?feK^fc«'\/1^>«feK;&:£Offi<^) 
*U-^-t>*fc«e^^n^i^) . Z.Z.X. %4 fiB<DPEl\Z"D\^^X. 4 0/xg 

<ofiffe^x=^7. h^>^^ffi-r^o z.<DKmt.. mm^\z. i o-i s^Wpitc® 
cio> %7r^o *i^T, 4 M 1 t:3^u->^, c:a>PE I yy^Ts^ hdn 

A^^ft^-v^UD-r^. DNAS2|lffij»^> 0. 2iLtg'-l. 0 m g tOrBltCt^^Tc^ 
[0 0 8 3] 
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^aa:t-ji/:.{zmm^'^fzmn^ dope (sz^ejix) . dops (8^;i^ 

%) iDcfcU^P eg-Ceraniide(C20) (1 0^J\^%) ^t*. 

0 0 M 1 (DOGP (2 0 OmM) ^mui^Tc. mi. <7f.J\,^y ^ ^UTK 

^m(Dmnf)m^n^f3.<u^t. dnaskj^^m o o m g/mLT^^PE i 

NAw/wfiJ^t^. ^n^'tl 1 Omg : 4 0 0 M gT^-S, 5 0 0 m g/mLCO 
e c t r a -P o r^«fA^y:i7^^b/io C(Oig#fl^®SS>&. SmM Hepe 

s. 15 OmM N ac it^^Yfm^i.. ^i.xmm^m(Du aOH-nm^x.. m 
^\zmmm^^mr^. 

[0 0 8 4] 

^S^tlf§^Co Triton X- 1 0 0 iZitWt. :i<r>mW&=i'^%±\zmm 
COSSET, ^UT\ I^TC0S^fig^LTi+»-r'2> : 

%*y-k;Mb = ( 1 - Muncap /Mwt ) X 1 0 Oc 
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[0 0 8 5] 

(v. A:/ir;i/fl:PE i /^^t.^ KDNAj)ige^S:5!is-rsfc«?)0:/D h 

ti'^^>tf)Vmi 0 0ml. (Dowex-50W, D^#-^ 5 0 X 8 --4 
0 0. S i gma) ^, *55 0 OmLCOO. 5M HC 1 ^^^T^^ffi 

811^:7^7.3 (lOOOmL^S) (CffiSb. Cinii. 'T'D h>Uif-/N'^LT 

U'^Y^'yy A—ti'^J^ (G 1 a s s Ec ono-ti'yh.. ii^U^'^m 3 7 

— 1012. BioRad) 'vii5$*?j5 cm^T5fiE«'r^o ;i<Dy;i/^, 

. 1 0^a<^^®*Tgfe^*L, ;i<oy;K^)pH^iES{t;-r^o iSt^t*. lOOm 
L O 5 M N a C 1 ^fig/H UT d coyjl^fCg|#-r ^^Jffiia^iJfe^^'r Si^WH 
, 1 0;^^A^fiC0 1 5 OmM NaCl HBS^figffibT, Z,(OtiZfK^^ 

[0 0 8 6] 

(v. -1'>fc>DTU<0;&^oaBJiattc<&ffi^LTPE 1/7^^7^ HDNAfli 

Lewis Lung. SK-OV-3. LS180. Cos7. B16:fecfc 
r/U8 7iraJia^. 2 4r>3:;!/yi^-h (Fa 1 c on 3 04 7) tc. 1 0 ^f?':? 
vjfiiff^r^tnmLO^ftfe*, 1 ':7x;i.^^c04X 1 0*, 2X10^4X10< 
, 2x 1 0^ 4X1 0^:teJ:r/4x 1 0*ifflaS©^*T. »au;to b l eisJ; 
I/L S 1 8 OSai]^^. MEM+Earls Salts Tiili;^i^> Lewis 

Lung, Co s 743cl:l/U8 7iaiJ!S^. iSi^^'^l-rJ-^^^tJDM EM+Tif 
Ji^it, -^LTSK-OV-SailE^. RPMl 1 6 4 0 igfifcTitM^-ttfc. 

h^>X:7i^>'3>^(C7 0-8 0%n>7;^X>h*T-f > 

PSL, ^LT3STig^fa:':!7i;l'^^J[jDLfc. Cini^coy I/— h ^MBtF^imi$ 
3 7t: (5%C02) TiBe^^^lHoi^TT^y-tr-f 1-^831^2 4 
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[0 0 8 7] 

10-7411. Dynatech) ^fi^fflf^^b^ / /-r^'- (Dy n a t e 
ch Microlite TM ML3000 Microtiter) TSJ 

^LAco mm^. PBs^®fRTisu>;^L. :*i/iT. 1 somLcommmm 

m (0. l%Triton X-100, 250m U >K:^ h U AigffifK> p 

H8. 0) ^mi^x^^-vi s^mmm^itTzo i o u \ (ommmmm^ 
tzmmmmm^^^m l tzmm l rc)w> yx.y —if^ >/^^n^mm Lxf^jEK u 

[0 0 8 8] 

t^Tzidcoyjm) 

MBUTyiz-i"^. }zzy>zi->m (bicinchoninic acid 

) (BCA) it^:^m^mmvxmmL'tz. ^(OTy^-^izi^i^^T. ioukd 
mmm^^^. 9 er^x;!/^^- K 11-010-7411, d 

y n a t e ch) (Dm^oy^yjLjl^UL. 2 0 0 m 1 i c r o EC A 

:j:.jv^mmLrzBSAmBm^m^ e u s^Oj^m t<D^mz^^x 

"7-ri7ni$7-i'^-:/U- (Dy n atech MR 5000 

) \Z^l^X. 5 7 0 nmT^^JSto;to 
[0 0 8 9] 

(v i i. -(>\zham^(Du^)i^nm'r^:^m 

0. l%^'J7s^)V/^^:tUyhUm^0. 0 5%->^. 20%JL^ J-)VX^ 

^r^. yu-h^i 5 0 0 r pmTi oi^Feiig.L^ii^iii'r^o mmm^\^^y h 

^ y ^ 7. (DZ^tz-^ PBS LTCnbCOyU-K$:S-rc<h 
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AlZttrntS-^^. 5 0-1 0 0m ICDO. 0S%!7^J7.i$^)l/^^zt\yyhi.& 

y^hyzf-c-m^^m^"^^. i oom i coi o o^^^^y-^u^. ^>2?(D':7x 

ffibT. 5 7 0ninTKtr. 
[0 0 9 0] 

Cos-7a8fl§^> 9 e-^i^l/yu— h'v, 2 0 0 M 1 cD^±Jg^4>, 2. 5 
X 1 O^cD^STSaL, -?-bT7 2P#Fp1. 9 0%3>:7;^x>X^-e-f 
^->L/to mtJ^^mo^tf-yizMtPE I l^figDNA®:&#»:fe«fct;^PE I /DN 

[0 0 9 11 

(vi i i. ^>b'3l^lg(3*3ViTPE I Z:/^;^^ HDNAiiMS^^iil^r 

m^c^i'^07s\z. 1 X 1 05<DB 1 6fflsiffljia5:iffiKi^{c ( i . p. ) a 

I^U/co B 1 6Mffiii®C0 7 a @. 7 5 gtZ);!.^/:?^^— tfy^X^ HODDNA 
mm/m-)5^ (;^yi:;MkPE I/DNAgg^e^) ggK»^i4l*tc<:koT5 

7 0'CT«?¥U^Co m^(Om^^. fh^h\i-X (small bead) (* 
^a^mne 520-401/404, Bio 101) ^^mi^TcF a s t P 
r e p:t-^i^i-^1f- (Bio 10 1 inc.) ^rfi^/H LT 5 cc>iiSS^T 
5»H3^qEi/':t-f XL> ^2(Db'-X, 43 1 m g/mL BSA ( 

:^i$^Di?'#^ A-2 153. S i gma) a&acDl XCCLRK 

^(Cell Culture Lysis Reagent ti^O^m^E 
153 1, Pr omega) ^, #5"zL-:rjC^JjOU/i. CCOt^^ >?:^-r X$r, 
Fas t P r e p^^S (Fast Prep™FP120 Instrumen 
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t. Bio 10 1) *T, s(Dmmm^'V6m^2Tmmvtzo cico^^^rv?^ 

-h^. SfUl^Ep p e n d o r f ^zL-r/'v^b. 'tLT:k^Umi^i^^. ® 

-lii$'>Ai>M^. 2aT7^yir-fL^Co iB^^, 1 S§W^fct;iMjB 1 ^^A^fc 
[0 0 9 2] 

( i X. j6lMtC43tt^7^ y h^>7.:7a:-^— il (AST/GOT) SttOU 

'^^L'^sy^'r -5 ;i «»: ic <t o T, -r > b'.i-:2^{c43it^$i4^i¥flE-r ^;^ci6o:)&&) 

1. ) 1 OmLcOK-r:t>7K^A-f 7;b'\^jp-r^. Ste«C<^oT (jftJ^tP^cC 

l^-r^o 2. ) ^^HaiCAl;^7^< <?:=b l/2B#rBlUV^>y>^:^frt^o kinet 
i c s^^tfT^ii^. -^-LTCCOkinetic sM&f^(Dy^y :t Jl^hy'n 
^figffiT^o ^^-TfeTtStt^S 4 0 n.m'v. LT^r«^€r 3 0 , 6 0. 9 0> iSJ: 
^)^1 2 0e><2:bT^^T^o 7^X*':/y>^ (blank) ^i-&e 3. ) 5 0 0 

m (inA) T^-g>o 6. ) i nA^mAjfzS Omklz:i(Dm^m^WttSo Ctl 

It. ^SimEL^-^mm-r^rzibizmm^ti^. 7. ) \ nA^m/utze oi^'^\zz 

(Om^m'SrmtS. :itl\t. SI^K^M ( f i nA) Tfe^o 8. ) WmAt)^i^m 

mAt:UM't^zt^z^^xi^mrzr)(D (A^mm^^o i^mrzKxo (ah)^ 
. ^LTMS7vii-r-rs. i^3^iz2^m\>'fr. ccofhrn^mmr^. 9. ) ^y. 

AST (U/L) 

= l^^/iOcD (AXTVXIOOO 
6. 2 2 XLPX S V 

TV =-mmM (0. 5 5mL) 
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SV =-y->y;PS:|a (0. OSmD 

6. 2 2 = 3 4 0nmTONADH<DaU^:;i/fflgBft3t«a 

LP (1. 0) 

1 0 0 0=mLmrzO(Om&ii)^^'J V h;i/^/2:Da)#a'^^0^^ 
= 1 jj-^;rcfjg> (AX 0. 5 5X 1 0 0 0 

6. 22X1. 0X0. 05 
= l»^/tOcO (AXl 7 8 6 (XI. 3 7«B^2 5"C-caiJ^Lfc«'&» 

Tli^^^cO I^^PCONAD^^^T-So 
[0 0 9 3] 

1 ) 

Z.(f>^1Sm\^^ PE I /DNAS'&^*:^(D6SKx=^Xh^>«)ja^$r0d^"r^ 
[0 0 9 4] 

©2 (1t>:/;H) f3i2fU->$:. PE 1 /DNAlS^#:$:^Wr^U 
+5^T^^C^:^^"ro DNA;!^«Sjffi?pjPE I tC^oT+»JC«S$n^C t7&« 

'\(D7i7ir;^;6^Bjflgt:^^. it>y;U2 tCiSl^T. Triton XlOO 

[0 0 9 5] 

(IIJgW2) 

[0 0 9 6] 
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mSlzmTT^^ti^^VlZ. WitU^ti^^&'r^^T. h^>OS^iiJlD$it'&t. 

'^m\z^n^zt^9sktc mmz^^f^mmift. mmmz\^^<^t)^(Diy^)\^x':k 

^izmmL. -E-LTSt^WtC, Mj^z^^i-Mt. jgfiJtDlgKx^T. h^>ICj:o 

iz&MT^o 

[0 0 9 7] 

[0 0 9 8] 

X'tii^:it^^'to \f::i^O->m^>'^^MzJ:'oX^:^ti^Jiolz. Wmm 

':f^±7.:f)^^YLtzZt^mmiZ'r^tci5b^Z{>U<thl S^m-i >^zL^—h 
^ it fj: It n«Yj: ^ T^cj: V i c i 
[0 0 9 9] 

[0 10 0] 

^ffi^L, -?-LT 8 9 ^)l%(Dm<DDOP S ;&^*?J 5 5 %'V<OMS<Dtl':/-tMt 

^Lfz, tf-y-tjummitzcDmm^m'VMmizm^TL. z<ozt\t. 

^?5SS«I*5tt^^ffi<^g5SS€r^f « 1 5 OmM N a C 1 SSTOS 
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[0101] 
[0 10 2] 

mdiz^i^x^-^n^^oiz. cos-imm^. 4 -. i w/wcDtd-^TP i 

[0103] 

dco^lfS^Jti. :^:/-ir;MbPE I /DNAS^#colH±(D«^^^$:^T« 
[o 1 0 4] 

1^1 oic^$n^cfc^»c, 5. 3T-o«^{*m?5fJ^^^T^ffi«jS«^»p 
:^:/-fe;Ml:PEi/DNA1g^«^(0^ttW^^^SfiL;^c. fi?y^tUT. S»ibfe 

[0 10 5] 

SI UC*5liT^$n^<t^{C. (1) *^:t>3?^*^A«CcfcoT5!lS^n 
iEaiJC, C<DU3py--A-y->y;i.(^^ffl|{cS>^<i:K»ITfe^'b<0(CS«?$n 
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>^)v (2) \t. m^oy^mum^p^TTzX^. ^lt, :t»^^>32«*^Aic:ct-5> 

[0 10 6] 

^12^1. ;tr:/-t;WtPE I /DNAlg'&flsO-f >ej|^lH4^0II^-r'5o 7 5 
gfflacODNA$:W"r'2>:^y-fe;!/fbP E I /DNA^. 4 EcD'^'^T.Icai* L 
. -^LTiin^COSs^ (AST) l^^Mt. PBSii>hn— ;KDlx'^;|/i:ESi 
•r^::<^:?&^'t)7!j^-pfCo *54 : 1 w/wfiJ-^OP E I /'DN A<7)ffiflT, ^il 

[0 10 7] 
[0 10 8] 

^^mcommit. mm-^nrz^mmmcD^izm^^nu^K ^m^izm^^^x^ 
^<^^iz. ±i^(o^B^(D^^^j:zsmft^t)^. m^<o^nm^<Dmm\zj:-z>xm^ 
^j:zfmm^^isbi^nrz^^m<Dmnid^xsmm^^i&mr^:itf3^<tji^n^^ 

immoifsmts.mm'i 
-r-i). 
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[@4] 

me] 

^8J^. 8^;i/%DOPS^^tjjliS:^:/-fe;Wb$n/tPE i /dnao+i-> 

[@10] 

mK^J>ffia'cfe^ ; u8 h hnm,mwmmm (g i i o b i a s t om 
a) T*^;cos-7ii. cv - 1 >mmf)^^miLLftKm<D»mwm 

;^n/i: Lewis Lungti. b hJW;^>HT&'2) ; LT B 1 6 V^/T. 
[@1 1] 



<'*3) 2002-520038 
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